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RESEARCH MEMORANDUM 
for the 


Bureau of Aeronautics, Navy Department 


LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS OF A 
SEMISPAN MODEL OF THE XFftJ-l TAILLESS AIRPLANE AT 
TRANSONIC SPEEDS BY THE NACA WING-FLOW METHOD 
TED NO. HACA DE307 

By Richard H. Sawyer and James P* Trent, Jr* 

SUMMARY 

An investigation waB made by the NACA wing-flow method, to deter- 
mine the longitudinal stability and control characteristics at 
transonic speeds of a semispan model of the XF7U-1 tailless air- 
plane* The 25-percent chord line of the wing of the model was 
swept bach 35 • The airfoil sections of the wing perpendicular 
to the 25 -percent chord line were 12 percent thick* Measurements 
were made of the normal force and pitching moment through an 
angle -of -attack range frcm about. - 3 ° to ik° for several ailavator 
deflections at Mach numbers from 0* 65. to about 1*08* 

.. __ - The. results of the tests indicated no adverse effects of 
compressibility up to a Mach number of at least 0*85 at low 
normal-force coefficients and small ailavator. deflections* Up 
to a Mach number of 0 * 85 , the neutral point at low normal-force 
coefficients was at about 25 percent of toe mean aerodynamic chord 
and moved rearward irregularly to 41 or' 42 percent with a further 0 
increase in Mach number to about 1*05* For deflections up to -8*0 , 
the ailavator was effective in changing the pitching moment except 
at Mach numbers from 0*93 to about 1*0 where ineffectiveness or 
reversal was indicated for seme deflections and normal-farce coef- 
ficients. With - 13 . 2° deflection at normal-force coefficients 
above about 0 . 3 , reversal of ailavator effectiveness occurred at 
Mach numbers as low as 0 * 8 l* A nose-down trim change, which began 
at a Mach number of about 0* 85 , together with the Iobs in effec- 
tiveness of the ailavator, indicated that with increase in the 
Mach number from about 0*95 to 1*05 an abrupt ailavator movement 
of 5 ° or 6 ° first up and then down would be required to maintain 
level flight* 
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INTRODUCTION 


As a part of the investigation, of the longitudinal stability 
and control characteristics of complete airplane configuration in ' 
the transonic Bpeed range, tests have been made by the NACA ving- 
flov method on a 0. 026-size semispan model of the XF7U-1 tailless 
airplane. Results of wind-tunnel tests of the same configuration 
up to a Mach number of 0.91 have been reported in reference !• 

The present wing-flow tests covered a Mach number range of 
about 0.65 to 1.08. The results of normal-force, pitching-moment, 
and angle -of- attack measurements at various ailavator settings 
are presented herein for the basic configuration of the model. In 
order to present, these results at the earliest possible date, because 
of the current heed for aerodynamic data of this nature, a complete 
analysis of the results has not been made* 
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effective dynamic pressure 

wing area of model 

mean aerodynamic chord of model 

normal-force coefficient ^ Npr?aa ^ fp £2 ^) 

pitching moment coefficient referred to 0.175 moment* 

angle of attack 

deflectl'on of ailavator (measured in plane normal to Y-axis 
• of modiel) (minus sign indicates upward deflection) 

effective Mach number * . ’ 5 

slope of normal -force curve per degree 
acceleration of gravity . 

Reynolds number 

elope of pitching-moment curve 
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- APPARATUS AND TESTS 

- The tests were made "by the NACA wing-flow method, (references 2 
and 3 ) in which the model is mounted in the high-speed flow oyer the 
wing pf a P-51D airplane. 1 _ .• ‘ ' ■ * 

Photographs of the 0- 026-scale model equipped with an end 
plate at the fuselage center line are given as figures 1 and 2. A 
detailed three-view drawing is shown. as figure 3* The geometric 
characteristics' of the model are given in table X which also 
includes the dimensions, of the full-scale airplane for comparison. 

The model was equipped' with five interchangeable ailavators having 
fixed deflections of 0°, -1.6?/ “4-9°, -8.0°, and -13*2° measured 
in a plane normal to the Y-axis of' the- model. The model was 
mounted on a shank which passed -through- a slot in the airplane 
wing and was supported on a' strain-gage balance. The model and 
balance were arranged to rotate as a unit and, therefore, the 
balance measured the force ’normal to the chord of the model -at all 
angles of attack* A free-floating vano, shcrftn in figure 2, was 
used to determine the- direction of air flow at the model- location. 

The chordwise and -vertical gradients of velocity over the 
P-51D airplane wing in the region of the model were similar to 
thoso. of the tests of -reference 4. The effective dynamic: pressure q. 
and the effective Mach number M -'were determined by integrating . 
.the velocity distribution over -the .area covered by the wing of 
the model. ■, 


Tests were made with each of the . ailavators installed on 
the model in two high-speod' dives of the P-51D airplane, one from 
a high altitude and the other frem a medium altitude, and in a ■ 
low-altitude high-speed level-flight run. The average relation 
between Mach number and Reynolds number, for the tests at the 
various altitudes is. shown in figure 4 . 


RESULTS AND DISCUSSION 


The results of the investigation are presented in figures 5 
to 14. The variation of pitching-moment coefficient and angle 
of attack with Mach number for normal-force coefficients ranging 
from - 0.2 to 0.4 or 0-5 in 0 . 1 - increments are given in figures 5 
and 6 , respectively, for the various ailavator deflections. The 
faired curves of figures 5 and 6 represent averages of the data 
obtained at the three altitudes. There was no effect of. Reynolds 
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number within experimental error, as is illustrated by the sample 
data of figure, 7- The results of figure 5 show that, at -low 
positive normal -force coefficients and small ailavator Bettings, 
a considerable nose -down trim change occurred starting at a Mach 
number of about 0.85. With ‘increasing normal-force coefficient 
up to about 0.4, the trim change occurred at lower Mach numbers 
and became more severe- The data of figure 6 indicate, in general, 
only moderate variations of the angle" of attack at constant normal- 
force coefficient over the Mach number range- It will be noted 
that at a Mach number of about 1.0 the angle of attack for a given 
normal-force coefficient 1 b approximately the same for ailavator 
deflections up to -8. 0°, indicating ineffectiveness of the ailavator 
over this deflection range- 

The variation of normal-force coefficient with angle of attack 
for each ailavator deflection shown in figure 8 for several Mach 
numbers is linear, at least up to a normal -force coefficient 
of 0-4 at all Mach numbers except for the range from 0-92 to 0-98 
for which the variation is linear to somewhat smaller normal-force 
coefficients. The slope of the normal-force curve dCjj/da 
(taken over the linear portion of the curve) presented irk figure 9# 
shows a fairly gradual increase with Mach number for all ailavator 
deflections with no large abrupt changes indicated-- 

The variation of pitching -moment coefficient with normal-force 
coefficient at several Mach numbers for the various ailavator 
deflections is presented in figure’ 10- The slope of the pitching- 
moment curve dCja/dCif is plotted in figure 11 against Mach number 
for the various ailavator deflections. This slope was taken over 
a range of normal-force coefficients corresponding to about ±1 g 
from the normal -force coefficient (also shown in fig- ll) required 
for level flight at 30,000 feet altitude with a wing loading of 28- 
The results of figures 10 and 11 indicate no movement of the neutral 
point in this normal-force-coefficient range .up to a Mach number of 
about 0.85. At Mach numbers from O'. 65 to about 0-8?, the margin 
between the center of gravity and the neutral point for canter of 
gravity at Q. 17~percent . mean . aerodyna mi c ' chord was 7“ to 8-percent 
mean aerodynamic chord and increased to" 24- to 25 “percent mean 
aerodynamic chord with increase in Mach number to 1-05- This 
latter movement of "the neutral point was progressively rearward 
for ailavator deflection^ from -4-9° to -13-2°; but for ailavator 
deflections of 0° and -1- 6°, the movement was first rearward, then 
forward; and finally rearward-' ’• " 

. The^- results of figUre- 5 have been rearranged in figure 12 to 
show .the'- variation of pitching-moment coefficient with Mach number 
f or : each ailavator deflection at constant no r mal-force coefficient* 
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Figur.e 13. gives the variation of ' pit chii^ -moment coefficient with 
. alia vat or deflection for various normal -force coefficients at 
several Mach numbers. The' results of figures 12. and 13 indicate 
that for ailavator deflections up to -8. 0° , the ailavator is 
effective in changing -the pitching moment at Mach numbers up to 
about 0- 93 and above about 1.0. At Mach numbers from about 0- 94 
to 1.0 ailavator ineffectiveness or reversal is indicated for some 
deflections and normal -force coefficients. With -13 ■ 2° deflection 
at normal-force coefficients above about 0»3> reversal of ailavator 
effectiveness occurs at Mach numbers as low as 0. 8 l. 

The ailavator deflections required to-. trim the full-scale 
airplane in level and 2g accelerated flight at Mach numbers 
from 0.65 to 1 - 08 , as determined from the results of figure 5* 
are given in figure 14- The wing leading was taken as 28, the 
center of gravity at 17-percent mean aerodynamic chord, and the 
altitude as 30,000 feet. The normal-force coefficients required 
for level and 2g accelerated flight are also shown. The cross- 
hatched area indicates a range of Mach numbers for which the 
airplane apparently could be trimmed at two or three ailavator 
deflections as the result of reversal of ailavator effectiveness 
at these Mach numbers. For level flight the results indicate. a 
slight' decrease in. ailavator deflection with increase in speed up 
to a Mach number of about 0.$?. At Mach numbers increasing 
from O .85 to 0-95 an up-ailavator movement of about 2° is indicated. 
With further increase in Mach number frem 0-95 to 1.05 an abrupt 
ailavator movement of 5° or 6°, first up. and then down, would be 
required. In order to attain a 2g acceleration from the level- 
flight condition, an up-ailavator movement . of from 1° to as much 
as 11°, depending on the Mach number, would be required in the 
Mach number range from 0-90 to 1.05* 


CONCLUDING BEMAEKS 


The results of NACA wing-flow tests of the longitudinal 
stability and control characteristics of a semispan model of the 
XF7U-1 airplane throughout the Mach number range from O .65 to 1.08 
indicated no adverse effects of compressibility up to a Mach number 
of at least 0. 85 at low normal -force coefficients and small ailavator 
deflections. Up to a Mach number of 0. 85 , the neutral point at 
low normal-force coefficients was at about 25 percent of the mean 
aerodynamic chord and moved rearward irregularly to 41 or 42 percent 
with furthgr increase in Mach number to about 1.05* For deflections 
up to -8. 0°, the ailavator was effective in changing the pitching 
moment except at Mach numbers from 0*93 to 1.0 where ineffectiveness 
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or reversal was indicated for some deflections and normal-force ' 
coefficients* With -13*2° deflection at. normal-force coefficients 
above about 0-3, reversal of alley at or effectiveness occurred at 
Mach numbers as low as 0- 8L« • A nose-down trim -change which began 
at a Mach number of about 0.85, together with the -loss in effec- 
tiveness 1 of the ailavator, indicated that with increase in the 
Mach number from. about 0*95 to 1.05, an abrupt ailavator movement 
of 5^_o r_6° first* up and then down would, be required to maintain 
level flight. . . ..... 
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TABLE I 
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GEOMETRIC CHARACTERISTICS OF MODEL 
AND OF FOLL-SCALE AIRPLANE 



Model 

Full-scale 

airplane 

Wing: 

Section ( perpendicular to 
25-percent chard line ) 

CVA 4 -( 00 ) -( 12 ) ( 40 ) -( 1 . 1 ) ( 1 . 0 ) 

C 7 A 4 -( 00 )-(l 2 ) ( 40 ) -( 1 . 1 ) ( 1 . 0 ) 

Semispan 

6-03 in. 

19 ft 4 In. 

Mean aerodynamic chord 

4.08 In. 

13 ft 1 in. 

Chord at tip 

3-02 in. 

9 ft 8 In. 

Chard at plane of symmetry 

4.99 In. 

16 ft 0 in. 

Area (semi span) 

24.2 sq in. 

248 sq ft 

Taper ratio 

0.605 

0.605 

Aspect ratio 

3-01 

3.01 

Sveepback ( 25 -percent 
chord line) 

P° 

3 i° 

Incidence (constant) 

o 6 

Dihedral 

0° ■ 

0° 

Ailavatar: 



Semi span 

2.94 In. 

9 ft 5 in. 

Chord (parallel to plane of 



eyranetry) 

0.91 in. 

35 in. 

Area (one ) 

2.68 sq in. 

27.5 sq ft 

Sveepback * 

24 . 5 ° 

24 . 5 ° 

Vertical tail: 

Area of one (including ving 
intersection area) 

i 

6.24 sq In. 

64 sq ft 

Aspect ratio 

1.75 

1-75 

Sveepback (25-percent chord 
line) 

0 

0 

*0° 

Fuselage : 

Area of TmTlrmim cross section 
(l/2 fuselage) 

0.792 sq In. 

8.14 sq ft 

Area of engine bulge (one) 

0.31^0 sq in. 

3.49 sq ft 

Over -all length 

11.5* in- 

37 ft 

Air ducts: 



Area of entrance (one) 

0.156 sq la. 

1. 60 sq ft 

Area of exit (one) 

0.134 sq in. 

I.38 Bq ft 

Location of center of gravity 

IT percent M.A.C. 

IT percent M.A.C. 
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Figure 1.- Concluded. 
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Figure 2.- XF7U-1 semispan model mounted above wing of P-51D airplane. 

Free-floating vane also shown. 
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Figure 10,- Concluded. 
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Figure 12.- Variation with Stach mrtfcer of pi tchl n^-nuomont coefficient Tor various 
al lavator deflections at several normal -force cceffecienta. 
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COMMITTEE EOR AERONAUTICS 

Figure Hi.- Variation with Mach number of ailavator angle required for 
trim in level and 2g accelerated flight at altitude of 50,000 feet 
with wing loading of 28 and center of gravity at 17 percent M. A.C. 
* Normal-f orce coefficient for level and 2g accelerated flight also 

shown. 





